Simultaneous purification of three mitochondrial enzymes. Acetylglutamate kinase, acetylglutamyl-phosphate reductase and carbamoyl-phosphate synthetase from Neurospora crassa.
The early enzymes of arginine biosynthesis in Neurospora crassa are localized in the mitochondrion and catalyze the conversion of glutamate to citrulline. The final conversion of citrulline to arginine occurs via two enzymatic steps in the cytoplasm. We have devised a method for the isolation and purification of three of the mitochondrial arginine biosynthetic enzymes from a single extract. Acetylglutamate kinase and acetylglutamyl-phosphate reductase (both products of the complex arg-6 locus) were purified to homogeneity and near homogeneity, respectively. The large catalytic subunit of carbamoyl-phosphate synthetase was also purified to homogeneity. The three enzymes were resolved into separate fractions by chromatography on three dye-ligand affinity resins, which are specific for nucleotide binding enzymes and have a high protein binding capacity. High performance liquid chromatography was employed in the final stages of purification and was extremely effective in fractionating both acetylglutamate kinase and acetylglutamyl-phosphate reductase from proteins with very similar properties, which were not removed by other techniques. The purified proteins were used to raise specific antisera against these proteins. Acetylglutamate kinase and acetylglutamyl-phosphate reductase were shown to be immunologically unrelated. This finding suggests that the arg-6 locus encompasses two nonoverlapping cistrons. The antisera raised against carbamoyl-phosphate synthetase has been shown to cross-react with related enzymes in Saccharomyces cerevisiae, Escherichia coli, and rat liver (Ness, S. A., and Weiss, R. L. (1985) J. Biol. Chem. 260, 14355-14362). Acetylglutamate kinase is a regulatory enzyme and has been shown to be feedback-inhibited by arginine. We have determined the submitochondrial localization of acetylglutamate kinase and the second arg-6 product, acetylglutamyl-phosphate reductase. Both enzymes were shown to be soluble matrix enzymes. We discuss the relevance of this finding with respect to possible mechanisms for end product inhibition of a mitochondrial enzyme by a cytoplasmic effector.